Background: Polymorphisms in genes such as DAT1, 5HTTLPR, D4DR4, and MAO-A have been linked to attention deficit hyperactivity disorder (ADHD) and susceptibility for opiate addiction. We investigated in opiate-addicted parents and their children the rate of ADHD and genetic markers that could predict susceptibility to ADHD and/or opiate addiction. Methods: We studied 64 heroin-addicted, methadone-maintained parents, and their 94 children who had or had not been exposed prenatally to opiates. DNA extracted from mouthwash was assessed for genetic polymorphism for six polymorphic sites of four different genes. Study subjects also filled a variety of questionnaires assessing the rate of ADHD in the parents and children and the children's intelligence quotient. results: Children of opiate-dependent mothers had a higher rate of ADHD compared to those of the opiate-dependent fathers. Opiate-dependent parents have a high risk of being carriers of most risk alleles examined except DRD4EX3 (allele 7). There was no difference whether the addicted parents had or did not have ADHD. conclusions: Serotonergic and dopaminergic risk alleles seem to be mainly related to opiate dependence with no effect on the occurrence of ADHD. People carrying those polymorphisms are susceptible to opioid addiction and not necessarily to ADHD.
t he percent of women among opiate-dependent people is constantly rising, and hence the number of children born to opiate-addicted mothers. Drug dependency is influenced by both genetic and environmental factors (1) (2) (3) (4) . Many investigators have therefore looked for susceptibility genes for addiction, but studies were inconsistent. The main system in the brain associated with drug dependency and attention deficit hyperactivity disorder (ADHD) is the dopaminergic, and to a lesser extent, the serotonergic, gabaergic, glutamatergic, and cholinergic systems. Hence, many studies are carried out to try and delineate any genetic polymorphism related to drug dependency; an example is the fact that CYP2D6 deficiency has an important role in the protection against opiate dependency (5) . Moreover, Li et al. (4) have found changes in genes related to dopamine in heroin-addicted persons, differences in the polymorphism of DRD2 promoter, in dopamine receptor (D2-DRD2), dopamine transporter (DAT1), serotonin transporter SLC6A4, serotonin receptor 1B-HTR1B, serotonin receptor 3B-HTR3B, Catechol-O-methyl-transferase, COMPT, GABA-A receptor, γ2-GABRG2, and mu opioid receptor (1, 2, 6 ) and over-representation of the D4 Dopamine Receptor exon III 7repeat allele (7) . Most of these changes related to the dopaminergic system were also reported in ADHD, demonstrating possible similar genetic background for the interaction between opiate dependence and ADHD. In addition, important interactions between the dopaminergic and the opioid systems were reported (8) .
Polymorphisms of genes related to ADHD have been reported by many investigators. Among them are the following: polymorphisms in the dopamine receptors D3, D4, and D5, the dopamine transporter DAT1, dopamine β hydroxylase (DβH) that converts dopamine to norepinephrine, monoamine oxidase related to the metabolism of dopamine (MAO-A), and the serotonin transporter 5HTTLPR (9) (10) (11) . Of special importance seems to be the polymorphism for DRD4,7 repeat allele in relation to ADHD, as this allele is less active if compared to those that have the DRD4 repeat allele (9) and polymorphism for gene D4EX120 (allele2) in ADHD (12, 13) . Polymorphism for some of the above reported genes were also found to be associated to several psychiatric diseases (14) .
In spite of the above-described findings, it should be emphasized that several investigators failed to demonstrate a close association of genes related to dopamine and serotonin metabolism with ADHD (15, 16) .
It is, however, well known that ADHD is a significant risk factor for drug abuse, and there is a high rate of ADHD among heroin-dependent persons (17) (18) (19) , much higher than the 6-9% of ADHD in populations of normal children (20, 21) .
Studies on children and adolescents born to heroin-dependent mothers have shown repeatedly a very high rate of ADHD in the offspring. This was still significant even when compared to children born to low socio-economic status families or to heroin-dependent fathers that also have a higher rate of ADHD compared to control children (22, 23) . This high rate is partially reduced when the children born to heroin-dependent mothers were adopted at a young age, but was still significantly higher compared to controls, emphasizing the possible relation to both the intrauterine exposure to heroin and the genetic component (22, 23) . The cognitive delay generally observed in children born to heroin-addicted parents probably stems from the poor environment the children were raised in, as their cognitive and learning abilities are similar to those of low socio-economic status or those born to heroin-dependent fathers (22, 24) . If the children born to heroin-dependent mothers were adopted at a young age and raised in drug free and good home environments, their cognitive abilities were similar to that of control, normal children (22, 24) . This emphasizes the importance of the home environment in the neurodevelopmental outcome of children born to drug-addicted parents.
The purpose of the present study was to investigate the relationship between genetic (alleles considered to be risk factors for ADHD and for opiate dependency) and environmental (intrauterine exposure to opiates) factors in children born to opiate-addicted mothers and/or fathers, with or without ADHD comparing the molecular findings between the children and their parents. The children born to opiate-dependent fathers, and therefore not exposed to opiates in utero, served together with their fathers, as controls for the children exposed in utero to heroin with their mothers. An additional purpose was to examine if there are, out of the six polymorphisms studied, any genes that may serve as markers for heroin dependence.
RESULTS
The characteristics of the children born to opiate-dependent mothers and fathers as observed in the "general health questionnaire" are described in Table 1 . Children born to opiatedependent mothers were born earlier and had a lower birth weight. Opiate withdrawal symptoms were observed only in the children born to the addicted mothers. A higher rate of ADHD was reported among the children of opiate-dependent mothers compared to those of the opiate-dependent fathers. In the children born to families where both parents were addicted, the characteristics were similar to those of children born to opiate-addicted mothers, and were different from that in those born to opiate-addicted fathers. In these families, all parents smoked, and two thirds of their children were reported to have ADHD (results not shown). Table 2 summarizes the rate of ADHD among the children born to opiate-addicted mothers or fathers as observed from (Table 2 ) demonstrate that the externalizing and internalizing scores of the children born to opiate-dependent mothers were higher than in those born to addicted fathers, but the differences were not statistically significant. The externalizing and internalizing scores on the SAC of children were significantly higher when both parents were addicted to opiates, being twice higher than that in children of heroin-addicted fathers not prenatally exposed to heroin (P < 0.05, data not shown).
The Wechsler Intelligence Scale for Children Revised scores are shown in Table 3 . Being on average below 90, they were significantly lower than expected in a population of normal school age children. There were no differences in the scores if the mother or father were addicted to opiates (Table 3) , or if both parents were addicted (results not shown). Table 4 shows the results of the parental Wender's questionnaire showing a very high rate of ADHD in the addicted parents. The score was higher in the addicted fathers compared to the addicted mothers, with 55% of the fathers having ADHD and 32% of the mothers. The rate of ADHD in the father, when both parents were addicted, was very high , i.e., −80%. There was an insignificant correlation between the rate of ADHD in the opiate-dependent mothers and ADHD in their children, as only 25% of the mothers of children with ADHD had also ADHD, and 75% of the addicted mothers of children without ADHD had ADHD. No difference in the rate of ADHD was observed in the children of addicted fathers whether they had ADHD or not. Table 5 shows the rate of the risk alleles in children with or without ADHD born to addicted fathers or mothers. MAO-A Significantly higher than without ADHD. ADHD, attention deficit hyperactivity disorder. Significant differences are in bold letters.
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(allele 4) was increased in the ADHD children born to addicted fathers compared to children without ADHD in the same group (P = 0.012) but not in the children born to addicted mothers, and DRD4EX3 (allele7) was increased in the children without ADHD born to opiate-addicted mothers in comparison to children of addicted fathers (P = 0.005). A simple Bonferroni correction for multiple testing for the six tested polymorphisms leaves only the noncorrected P values equal to or smaller than 0.0083 significant, hence the results for DRD4 EX3 allele 7 are significant (P = 0.03, after correction) whereas the results for MAO-a allele are only marginally significant (P = 0.06 after correction). Table 6 shows the rate of risk alleles for ADHD in the boys and girls in relation to maternal or paternal opiate addiction. There was a significant difference only in DRD4 EX3 (allele7) that was higher in the girls born to addicted mothers; 37.5% of daughters of drug-addicted mothers carried DRD4 EX3 (allele7) compared to only 10% of girls that had heroin-addicted fathers (P = 0.036). No differences in risk alleles were observed between the boys and girls born to opiate-addicted fathers and children born to families where both parents were addicted (results not shown). Bonferroni correction for multiple testing leaves the results for DRD4 EX3 allele 7 insignificant (P = 0.2). Table 7 shows the percent of risk alleles in the children with or without ADHD born to opiate-addicted fathers and mothers that are carriers of the risk alleles. Generally, there was a high inheritance of the following risk alleles: ST in 2 VNTR (allele12), DAT1 (allele10), and DRD4 EX120 (allele2); an intermediate inheritance of 5HTTP (allele2) and MAO-A (allele 4) and a low inheritance of DRD4 EX3 (allele7). There were little differences between children with or without ADHD born to opiate-addicted mothers or fathers. However, there was a reduced rate of carrier state for DAT1 (allele10) in the children with ADHD and addicted mothers (P = 0.043) compared to ADHD children of addicted fathers, and an increased rate of DRD4 EX3 (allele7) in the children without ADHD of addicted mothers (P = 0.002) compared to children without ADHD of addicted fathers. Bonferroni correction for multiple testing leaves the results for DRD4 EX3 allele7 significant (P = 0.01). No differences were found between the children born to addicted fathers who are carriers of the risk alleles and those born to both addicted parents (results not shown). Articles Ornoy et al. ST in VNTR (allele12) and DRD4 (allele2), when a high percent of the children born to noncarrier parents are carriers. Of exception is MAO-A (allele4) where the risk is only 33.3% if the father is a carrier, compared to 40% if the father is not a carrier. Bonferroni's correction for multiple testing leaves the results in the mothers for MAO-A Allele4, DRD4 EX3 allele 7, and DAT1 allele 10 significant (P < 0.05) and 5HTTP allele 2 and DRD4 EX3 allele 7 for the fathers (P < 0.05).
If the parents are opiate dependent, they have a high risk of being carriers of most risk alleles examined except D4 EX3 (allele7) that was low ( Table 9 ). There was, however, no difference whether the addicted parents had or did not have ADHD, pointing to the possible associations of these risk alleles mainly to opiate dependence. Table 10 shows the scores on the different tests of the children that are, or are not carriers of the different risk alleles. As observed for 5 HTTPLR (allele2), the score on the Conner's and the Achenbach internalizing of the children born to two addicted parents was significantly higher compared to those where the father is addicted. Similar results were found regarding the risk allele ST in 2 VNTR (allele12) and with all other risk alleles ( Table 10) . Regarding risk alleles MAO-A (allele4), and DRD4EX3 (allele7), the score on the externalizing Achenbach was also higher in the children born to two opiate-addicted parents. None of these alleles has any effect on the cognitive abilities.
Interestingly, the Conner's questionnaire score was higher in the noncarriers of MAO-A (allele4) of the children born to addicted mothers. A comparison between the risk alleles in children born to addicted mothers and fathers showed no effects of the risk alleles on the occurrence of ADHD.
DISCUSSION
In our study, we do not have a comparison group of a control normal population of children and adults. Although in previous studies we compared the results of the different questionnaires on children of heroin-dependent fathers and mothers to control children, we did not study the distribution of the risk alleles in the normal Israeli Jewish population. Hence, our comparison can be performed either to the occurrence of the risk alleles in a normal mixed European population (The Allele Frequency Database, www.alfred.med.yale.edu), (Supplementary Table S1 online) or to a normal but relatively homogeneous population of Yemenite Jews in Israel. Regarding MAO-A (allele 4) and 5 HTTPLR (allele2) we also have data on a mixed Israeli population (25) . When comparing each one of these figures to the data in our study, it is obvious that the rate of the risk alleles in our study of opiate-addicted parents and their children is higher for HTTPLR (allele2), DAT (allele10), ST in2VNTR (allele12), and D4 EX3 (allele7) than in any of these control populations, implying that these alleles might indeed be associated with opiate dependence and possibly with ADHD.
Our findings suggest that prenatal exposure to heroin might have adverse effects, causing higher rates of ADHD among children, especially girls, compared to children born to opiate-dependent fathers, implying that intrauterine exposure increases the rate and severity of ADHD. This is in line with our previous studies on early school age children as well as in adolescents (22, 23) . Moreover, the lack of correlation between maternal ADHD and ADHD in the offspring further indicates that the effect is not mainly hereditary and the rate is increased by prenatal exposure to heroin. When both parents were addicted, the rate of ADHD in the offspring rose to 80% with increased severity, probably as a result of the genetic contribution from both parents. An additional possibility is that the very high rate of ADHD is related to postnatal environmental impact. A child growing up in the household where both parents are addicted to opiates is in a disadvantageous position compared to a child whose mother has no heroin addiction. The similar reduced intelligence quotient observed in the offspring whether the father or the mother were addicted implies that the decrease in the cognitive abilities are not necessarily related to heroin exposure but rather to poor postnatal environment. This is indeed in line with our previous studies (22, 24) where we found that reduced cognitive abilities were equally observed in opiateexposed children as well as children born to addicted fathers or children suffering from environmental deprivation. Moreover, when children born to heroin-dependent mothers were adopted at a young age, their cognitive abilities were similar to that of control normal children (22, 24) . Thus, it seems that prenatal exposure to heroin does not impair the child's cognitive abilities.
The rate of ADHD among opiate-dependent mothers and fathers is much higher than that observed in the general population. This emphasizes again the interaction between ADHD and drug dependence, as observed in many studies (17) (18) (19) . The rate is higher in addicted males compared to addicted females, in line with the general higher prevalence of ADHD in males. The sex ration is lost in children exposed in utero to heroin, as the rate among boys and girls was similar, about 50%, demonstrating that the increase in girls specifically resulted from the exposure to heroin.
The high rate of risk alleles in the heroin-addicted parents was not related to the presence of ADHD, as Judged from the Wender's questionnaire, because there was no significant difference in the rate of these alleles if ADHD was present or absent in the parents. It points to the possibility that carriers of these alleles are at risk for drug dependence, regardless whether they have ADHD or not. Several investigators have shown the increased risk for drug dependency among carriers of such risk allele. For example, carriers of MAO-A allele4 (long arm) that affect serotonin metabolism, are at risk for drug dependence at a young age and for aggressive behavior (25) . A similar finding of increased aggressiveness among the carriers of this allele was reported by others (1, 26) . Similarly, DRD4 repeat (allele7) was also associated with an increased risk for drug dependence. We should, however, remember that many studies on opiate dependence have found polymorphism in the DRD3 gene (27) that was not studied by us.
When the parents are carriers of the risk alleles, there is a similarly high rate of carrier state among their offspring, which, again, is not related to the presence or absence of ADHD. A high rate of similarity between the carrier state of the parents and their children was also observed by others, (28) but inheritance of risk alleles for ADHD is a complex process as there seems to be a preferential transmission of paternal over maternal alleles (28, 29) .
There were little differences in the rate of risk alleles in the children born to heroin-addicted parents whether they had ADHD or not, except for MAO-A (allele4) and DRD4 EX3 (allele7) that were different between those with or without ADHD. This raises the issue of the relevance of the different risk alleles in the etiology of ADHD, an issue that is still in debate. Our sample, however, is too small to enable us to draw firm conclusions, and the fact that there is a very high carrier state in the parents of these children makes it even more difficult to conclude, as the heritability of the risk alleles for ADHD seems to be complex. Perhaps in the future, more common mechanisms will be revealed between ADHD and heroin addiction to help identify by simple genetic testing the groups that might be at risk for drug dependence.
ADHD is more common in males than in females. In the children born to opiate-dependent mothers, the rate of ADHD was similarly high among males and females. This implies that intrauterine exposure to heroin, most probably increased the risk for ADHD as a result of the specific effects of heroin. Similar findings were observed by us previously in school age children born to heroin-dependent mothers compared to those born to heroin-dependent fathers (22) .
Conclusions
Parents addicted to opiates have a high rate of ADHD. The rate is even higher in their children, being similar in males and females. Most addicted parents carry dopamine and serotonin gene polymorphism similar to that observed in children with ADHD, even if they do not have ADHD. Hence, people carrying these genes seem to be prone to opioid addiction. It seems important that children with ADHD who are carriers of these genes should receive appropriate treatment by stimulants at childhood, as early treatment might reduce the risk for opioid addiction at adolescence or adulthood. More studies are needed to substantiate these conclusions.
METHODS
The study included 158 study subjects, 64 heroin-addicted parents, and their 94 children that were raised in their homes. Families with at least one parent that during pregnancy was heroin-dependent were studied. Methadone maintenance treatment (MMT) is the best treatment for the chronic relapsing brain disorder called opioid addiction. Heroin-dependent pregnant women in Israel, as elsewhere, are referred to MMT clinics, where treatment with adequate methadone doses is being adjusted individually. During the study, all adult participants were treated in MMT clinics in Israel. The ages of the 94 children ranged from 5 to 16.5 y. The children were divided into three groups: children of addicted mothers exposed in utero to heroin, children of opiate-addicted fathers that were not exposed to heroin (our controls), and children with both parents being addicted to heroin. Data regarding the addiction status of each one of the parents was received by them and was verified by the MMT clinics. The parents were Sephardic and Askenazic Jews, all being born in Israel. The parents filled out a "general health questionnaire" related to pregnancy, delivery and various medical problems and the Wender Utah Rating Scale, a selfassessment of ADHD-related problems. Parents also completed the short form (SAC) of the Child Behavior Checklist (Achenbach questionnaire) for assessing behavioral problems and the Conner's Rating Scales for assessing ADHD in their children. The intelligence quotient score was assessed in all children using the Wechsler Intelligence Scale for Children Revised. Children and their parents had, in addition, the genetic studies on cells from mouth wash.
Wechsler Intelligence Scales for Children Revised
The Wechsler Intelligence Scales for Children Revised is a widely used means of assessment for the cognitive development of children. The scale comprises 10 subtests, 5 of which measure verbal abilities and 5 that measure abilities reflected in performance. The assessment has well-established norms and evidence of reliability and validity both in the United States (30) and in Israeli research (22) . In the present study, we administered all subtests from the verbal and performance section of the assessment from which we calculated the general intelligence quotient score presented here.
Short Child Behavior Checklist (Short Form Assessment for Children (SAC))
The Child Behavior Checklist (Achenbach) yields normed estimates of degree of behavior problems of the child or adolescent. The SAC, a 48-item questionnaire is administered to parents and assesses behavior problems of their children between the ages 4-16, mainly applicable to inattention and/or hyperactivity (ADHD) (31, 32) . Overall scores are designated as reflecting externalizing behaviors (acting out, delinquency, violence) and internalizing behaviors (withdrawal, somatic complaints, anxiety, and depression). A total score is based on the scores of all scales; the higher scores indicate that more problems are encountered by the person responding. There is evidence for the applicability of local norms that were used in the present study for the Israeli context (32) . Both internalizing and externalizing scores are elevated in children with ADHD.
Conners Rating Scales for Assessing Attention Deficit and Hyperactivity Revised
This 80-item short-form scale was filled out by the parents of the children and is based on their perception of the behavior of the child (33, 34) . This widely used questionnaire has been used in various versions and has demonstrated high interitem reliability and evidence of validity (23) . We used the following subscales: scales measuring attention span, hyperactivity, impulsivity, anxiety, and general ADHD measure. High scores indicate more ADHD problems for the child. Children with scores above 56 are considered to have ADHD.
Wender Utah Rating Scale
This instrument contains 61 questions for adults that relate to attention problems they had as children (35, 36) . The questionnaire serves as a measure of ADHD among adults. The Wender Utah Rating Scale has shown reasonable interitem reliability and validity in previous studies (23) . High scores indicate more ADHD problems for the parent. A score of 46 or above is considered to be an indication of ADHD.
Genetic Studies
Mouth wash samples using Aquafresh as the mouth wash fluid, were collected from both heroin-addicted parents and their children. DNA from mouth wash collection was extracted by using the Master Pure Kit (Epicenter, Madison, WI). DNA extraction was carried out from the cells by adding 300 μl of tissue and cell lysis solution and proteinase K, then incubation with 1 μl of RNAse, and 150 μl of protein precipitation reagent. The complex is centrifuged and 0.5 ml of isopropanol is added to the supernatant in order to precipitate the DNA. The DNA pellet is washed with 0.5 ml 70% ethanol and then immersed in 100 μl of TRIS EDTA buffer and stored for further studies. The amplification procedure included a 5-min prestart at 95 °C and 30 cycling conditions, as follows: 90 °C for 30 s; 55 °C for 30 s, and 72 °C for 90 s. A final extension was performed at 72 °C for 5 min (37) .
The studies on dopamine receptors were performed according to methods described by Treister et al. (38) and those on serotonin transporter according to methods described by Bachner-Melman et al. (39) . In brief, they are as follows: DRD4 (38): The DRD4 exon III polymorphism was characterized using the following primers: DRD4 P1 5′-GGC GTT GCC GCT CTG AAT GC-3′ and DRD4 P2 5′-GAG GGA CTG AGC TGG ACA ACC-3′. The reaction mixture (20 µl) contained 200 µmol/l dNTPs, 0.5 µmol/l primers, Mg/Cl and dimethyl sulfoxide (DMSO) 5% (10 µl), and 20ng DNA. The amplification procedure included a 5-min prestart at 94 °C (for the hot start) and 35 DRD4 EX 120 (38) : Hundred nanograms of genomic DNA were amplified in a total volume of 25 ml with the following primers at 0.2 mmol/l: D4upstrFor2 (58-GTTGTCTGTCTTTTCTCATT GTTTCCATTG-38) and D4upstrRev3 (58-GAAGGAGCAGGCAC CGTGAGC-38) with 0.2 mmol/l dNTPs, 5% DMSO, 0.5 U Taq polymerase in standard polymerase chain reaction (PCR) buffer containing 1.5 mmol/l MgCl. PCR cycling conditions are 5 min at 95 °C followed by 30 cycles of 30 s at 94 °C, 30 s at 58 °C, and 60 s at 72 °C with a final extension for 10 min at 72 °C. Ten microliters of the PCR product were electrophoresed through a 1.5% agarose gel and stained with ethidium bromide. The PCR reaction yields distinct bands at 429 bp ("S", short allele) and 549 bp ("L", long allele). A faint diffuse band migrating more slowly than the 549 bp band is also seen in some heterozygotes and is presumed to be composed of heteroduplex molecules.
MAO-A ( We examined six different polymorphic sites at the above stated four candidate genes (Supplementary Table S2 online).
Statistical Analysis
Comparison between groups for continuous variables (such as the Conner's) was done using two-tail t-test or Wilcoxon signed test (for the small groups); when the groups were compared for categorical variables (e.g., gender, presence of genes), χ 2 test was used. Significance was set at P < 0.05. A Bonferroni correction for multiple testing was performed on the results of the genetic studies.
The study has been approved by the Institutional Review board of both Hadassah Hebrew University Medical Center and of the Tel Aviv Sourasky Medical Center. All parents gave their written informed consent to participate in this study.
